^0/049179 

14 1 Pi* ft JC1 ° Re ° d PGT/PT ° ° 8 FEB 2002 



- i - 

DESCRIPTION 

OBJECTIVE LENS DRIVING APPARATUS AND 
MANUFACTURING METHOD THEREOF 

TECHNICAL FIELD 

This invention relates to an objective lens 
driving apparatus for driving an objective lens in 
response to an applied control signal and performing 
H 5 focusing and tracking with respect to an optical data 

O recording medium and its manufacturing method. 
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= These days, optical disk apparatus (e.g. DVD 

O 

fU disk apparatus) that mounts an optical pickup (including 

s 

fg an objective lens) for recording a signal onto or 

fU reproducing a signal from an optical data record medium 

(e.g. optical disk such as DVD disk) is now in increasing 

demand . 

These optical disk apparatus have an objective 
lens driving apparatus for driving an objective lens in 
response to a control signal and performing focusing 
control and tracking control. 

This invention relates to an objective lens 
driving apparatus, and particularly to the configuration 
of a support printed board and its periphery for 
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restraining the ends of windings of a focusing coil or a 
tracking coil of the objective lens driving apparatus. 

An Official Gazette of Japanese Laid-open Public 
Patent Application Hei 5-342607 describes a conventional 
objective lens driving apparatus having a support printed 
board for restraining the ends of windings of a focusing 
coil or a tracking coil. 

The configuration will be explained 
hereinafter. 

FIG. 14 sho^s a front view, a bottom view and 
left side viewa^the conventional objective lens driving 
apparatus described in the Official Gazette of Japanese 
Laid-op^df Public Patent Application Hei 5-342607. 

In FIG. 14, 1 is an objective lens and 2 is a 
lens holder to which the objective lens 1 are attached. 

A focusing coil 3 for driving the objective lens 

1 in the focusing direction (a direction of an arrow shown 
in FIG. 14, that is, the same direction as that of optical 
axis of the objective lens 1) and a tracking coil 4 for 
driving the objective lens 1 in the tracking direction (a 
direction of an arrow shown in FIG. 14) are wound around 
the lens holder 2 . 

Two support printed boards 5 are fixed at two 
positions indicated by a tip of arrow of the lens holder 

2 . 

The starting ends and the terminating ends of 



windings of the focusing coil 3 and the tracking coil 4 
are restrained by winding a few turns along coil 
restraining parts, which are located in the vicinity of 
the front end parts of the support printed boards 5 
protruded from the top surface and the bottom surface of 
the lens holder 2 . 

6 is a fixed member which is comprised of a 
printed board and referred to as an act printed board. As 
shown in the left side view, the act printed board 6 has 
four patterns, each pattern having a land part and a 
through hole formed in the center or its periphery of the 
land part at one end. 

7 is a support block which has a recessed part 
injected with damper material 8 therein and four through 
holes are formed in said recessed part. The act printed 
board 6 and the support block 7 are fixed so that four 
through holes of the act printed board 6 and four through 
holes of the support block 7, respectively, are placed 
coaxially . 

Each end of four suspension wires 9 made of' 
conductive metal wire is fixed to the act printed board 
6 by soldering through the through hole of the act printed 
board 6 and the through hole of the support block 7 at one 
end, and is fixed to the coil restraining part of the 
support printed board 5 by soldering at the other end. 

With the above-mentioned configuration, it is 



possible to obtain a conductive path which starts from one 
of the patterns of the act printed board 6, through 2 
suspension wires 9 connected thereto, a land part of the 
support printed board 5 connected to the suspension wire 
9. the focusing coil 3 connected to the land part of the 
support printed board 5, other land part of the support 
printed board 5 connected to other end of the focusing coil 
3, other suspension wire 9 connected to the other land part 
of the support printed board 5, and returns to other one 
of the patterns of the act printed board 6 connected to 
the other suspension wire 9 . 

By feeding current of a focusing control signal 
to this path, focusing control of the objective lens 1 can 
be achieved. 

Similarly as the focusing control signal, by 
feeding current of a tracking control signal to the 
conductive path containing the other two patterns of the 
act printed board 6, the other two suspension wires 9, the 
other two land parts of the support printed board 5, and 
the tracking coil 4 , tracking control of the objective lens 
1 can be achieved. 

Furthermore, the support block 7 is fixed to a 
yoke 10 at the position as shown in the figure. 

The lens holder 2 is supported by four suspension 
wires 9 so as to be located at the center between permanent 
magnets 11 and 12. 



A magnetic circuit consisting of the permanent 
magnets 11 and 12, and the yoke 10 provided as an adjunct 
with the permanent magnets 11 and 12 generates a 
substantially uniform magnetic field in the vicinity of 
the focusing coil 3 and the tracking coil 4. 

By feeding a focusing control signal to the 
focusing coil 3 within the uniform magnetic field, Lorentz 
force is generated, thereby producing a torque for driving 
the lens holder 2 in the focusing direction. 

Likewise, by feeding a tracking control signal 
to the tracking coil 4 within the uniform magnetic field, 
Lorentz force is generated, thereby producing a torque for 
driving the lens holder 2 in the tracking direction. 

As four suspension wires 9 are made of flexible 
metal wire, the lens holder 2 undergoes displacement due 
to the above-mentioned torque actuation. 

Moreover, in the case that windings of the 
focusing coil 3 and the tracking coil 4 are wound by an 
automatic winder, parts of the support printed board 5 are 
configured to protrude from the lens holder 2 and the parts 
neighboring to the front ends of the protruded support 
printed board act as coil restraining parts, thereby 
facilitating restraint of the starting ends and the 
terminating ends of windings . 

The objective lens driving apparatus is required 
to improve tracking sensitivity for corresponding to 
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high-speed playback. As a solution, it is effective to 
reduce weight of the movable body. 

Specific measures are thinning of the lens 
holder and weight reduction in the support printed board. 

However, weight reduction causes rigidity 
degradation of the movable body, resulting in the 
deterioration of high-order resonance characteristic of 
the objective lens driving apparatus. Although thinning 
of the lens holder and weight reduction in the support 
g printed board are effective in improving tracking 

J sensitivity, these members become less integrated. 

As a result, the coil restraining part of the 
support printed board which protrudes from the lens holder 
has a separate vibration mode at high frequencies. 

For that reason, with respect to the vibration 
characteristic of the objective lens driving apparatus, 
undesired resonance and disturbance in phase occur and 
tracking performance of the objective lens driving 
apparatus for the optical data recording medium 
deteriorates. Further, there is the possibility of 
consuming electricity unnecessary for tracking. 

On the other hand, in order to facilitate the 
arrangement of the starting ends and the terminating ends 
of the windings of the'coils wound by an automatic winder, 
it is desirable to configure the coil restraining part of 
the support printed board to protrude from the lens holder 
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as mentioned above. 

An object of the present invention is to provide 
an inexpensive and easily manuf acturable objective lens 
driving apparatus which is excellent in tracking 
sensitivity and free from the undesired resonance mode and 
so on . 

Another object of the present invention is to 
provide an inexpensive manufacturing method for 
manufacturing an objective lens driving apparatus which 
is excellent in tracking sensitivity and free from the 
undesired resonance mode and so on without adding new 
process . 

DISCLOSURE OF INVENTION 

A first invention is an objective lens driving 
apparatus characterized by comprising an objective lens, 
a lens holder for holding said objective lens, a focusing 
coil with a central axis substantially parallel to the 
focusing direction of said objective lens, a tracking coil 
with a central axis substantially parallel to the tracking 
direction of said objective lens, a magnet for generating 
a magnetic field in the vicinity of said focusing coil and 
tracking coil, a support printed board having coil 
restraining parts which protrudes from side surfaces of 
said lens holder and restrain ends of winding of at least 
either said focusing coil or tracking coil , and a plurality 



• + 

- 8 - 

of suspension wires made of conductive material, wherein 
said lens holder has a reinforcing rib which contacts with 
at least a part of the portion of said support printed board 
protruding from said lens holder. 

The lens holder of the objective lens driving 
apparatus according to this invention has a reinforcing 
rib for supporting the coil restraining part of the support 
printed board. 

This can prevent the coil restraining part of 
the support printed board from causing undesired resonance 
and unnecessary disturbance in phase. 

This invention has the effect of realizing the 
inexpensive objective lens driving apparatus with high 
tracking sensitivity. 

A second invention is the objective lens driving 
apparatus according to the first invention characterized 
by that the surface of said reinforcing rib that does not 
contact with the side surface of said lens holder forms 
an inclined plane with respect to the side surface of the 
lens holder, and winding of said coil restrained at said 
coil restraining part is located along said inclined 
plane . 

In the case that the whole back surface of the 
support printed board is supported by the reinforcing rib, 
the winding of the coil around the coil restraining part 
can interfere physically with (contact with) the position 



of inserting the suspension wire. 

In the objective lens driving apparatus 
according to this invention, the surface of said 
reinforcing rib that does not contact with the side surface 
of said lens holder forms an inclined plane with respect 
to the side surface of the lens holder (not parallel to 
the side surface of said lens holder) . 

Winding of coil is disposed along the inclined 
plane, thereby preventing the winding of coil from 
interfering with the insertion position of the suspension 
wire . 

According to this invention, the coil 
restraining part of the support printed board does not 
cause undesired resonance and unnecessary disturbance in 
phase, and at the same time, it is possible to achieve 
stable winding work of coil and stable insertion of the 
suspension wire during assembly of the objective lens 
driving apparatus so that quality of product in a factory 
can be improved. 

This invention has the effect of realizing the 
inexpensive and easily manuf acturable objective lens 
driving apparatus with high tracking performance. 

Further, this invention has the effect of 
realizing the objective lens driving apparatus in which 
the starting end and. the terminating end of the coil wound 
by an automated winder are easily restrained. 
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A third invention is an objective lens driving 
apparatus of the first invention characterized by that 
winding of said coil is restrained at said restraining part 
by winding a turn or few turns around said support printed 
board and said reinforcing rib. 

According to this invention, said support 
printed board and said reinforcing rib can become 
integrated without adhesive so that the coil restraining 
part of the support printed board does not cause undesired 

U resonance and unnecessary disturbance in phase. 

~ This invention has the effect of realizing the 

2 inexpensive objective lens driving apparatus with high 

^ tracking performance. 



* A fourth invention is an objective lens driving 
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apparatus of the first invention or the third invention 
characterized by that said reinforcing rib part has a 
stepped portion or a grooved portion and winding of said 
coil which is restrained at said restraining part is 
located along said stepped portion or said grooved 
portion . 

This invention can prevent winding of the coil 
from interfering with the insert position of the 
suspension wire. 

Also, according to this invention, the coil 
restraining part of the support printed board does not 
cause undesired resonance and unnecessary disturbance in 
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phase, and at the same time, it is possible to achieve 
stable winding work of coil and stable insertion of the 
suspension wire during assembly of the objective lens 
driving apparatus so that quality of product in a factory 
can be improved . 

This invention has the effect of realizing the 
inexpensive and easily manuf acturable objective lens 
driving apparatus with high tracking performance. 

Further, this invention has the effect of 
realizing the objective lens driving apparatus in which 
the starting end and the terminating end of the coil wound 
by an automated winder are easily restrained. 

A fifth invention is an objective lens driving 
apparatus of any of the first invention to the third 
invention characterized by that said support printed board 
has a plurality of notches and winding of said coil which 
is restrained at said restraining part is located along 
said notches . 

This invention has the effect of realizing the 
objective lens driving apparatus in which the starting end 
and the terminating end of the coil wound by an automated 
winder are easily restrained. 

A sixth invention is an objective lens driving 
apparatus comprising an objective lens, a lens holder for 
holding said objective lens, a focusing coil having a 
central axis substantially parallel to a focusing 



direction of said objective lens, a tracking coil having 
a central axis substantially parallel to a tracking 
direction of said objective lens, a magnet for generating 
a magnetic field in the vicinity of said focusing coil and 
said tracking coil, a support printed board which 
protrudes from side surfaces of said lens holder and has 
a restraining part for restraining end of winding of at 
least either said focusing coil or said tracking coil, a 
plurality of suspension wires made of conductive material, 
and an adhesive which is applied to a corner part defined 
by a protruded part of said support printed board from said 
lens holder and a side surface of said lens holder. 

According to this invention, the coil 
restraining part of the support printed board does not 
cause undesired resonance and unnecessary disturbance in 
phase. 

This invention has the effect of realizing the 
inexpensive and easily manuf acturable objective lens 
driving apparatus with high tracking performance. 

A seventh invention is an objective lens driving 
apparatus of the sixth invention characterized by that 
said lens holder has a bonded part with said support 
printed board, said bonded part comprising a first 
depression as an adhesive reservoir and a groove which 
extends from said first depression to a base of said 
support printed board. 
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According to this invention, the coil 
restraining part of the support printed board does not 
cause undesired resonance and unnecessary disturbance in 
phase . 

Further, fixing firmly said support printed 
board by disposing so as to push said support printed board 
against said first depression, as well as overflowing said 
adhesive to said corner part by extending said adhesive 
along said groove of said lens holder which extends from 
said first depression to said corner part can be achieved 
during a single process. Therefore, the adhesive can be 
applied to said corner part without adding any new process . 
This invention has the effect of realizing the inexpensive 
and easily manuf ac turable objective lens driving 
apparatus with high tracking performance. 

A eighth invention is an objective lens driving 
apparatus of the sixth invention characterized by that 
said lens holder comprises a second depression as an 
adhesive reservoir for bonding said objective lens, and 
a groove which extends from said second depression to a 
base of said support printed board. 

According to this invention, the coil 
restraining part of the support printed board does not 
cause undesired resonance and unnecessary disturbance in 
phase. 

Further, by disposing a member so as to push a 



member against said second depression, said member and 
said objective lens are fixed firmly, and by extending said 
adhesive along said groove of said lens holder which 
extends from said first depression to said corner, said 
adhesive can be overflowed to said corner part . Therefore, 
the adhesive can be applied to said corner part without 
adding any new process. 

This invention has the effect of realizing the 
inexpensive and easily manuf acturable objective lens 
driving apparatus with high tracking performance. 

A ninth invention is a manufacturing method of 
the objective lens driving apparatus of the sixth 
invention comprising steps of dropping an adhesive into 
said first depression formed on said lens holder, and 
fixing firmly said support printed board by pushing said 
support printed board against said first depression, as 
well as overflowing said adhesive to said corner part by 
extending said adhesive along said groove of said lens 
holder which extends from said first depression to said 
corner part . 

According to this invention, the adhesive can 
be applied to said corner part without adding any new 
process. As a result, the coil restraining part of the 
support printed board does not cause undesired resonance 
and unnecessary disturbance in phase. 

This invention has the effect of realizing the 
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inexpensive manufacturing method for manufacturing the 
objective lens driving apparatus with high tracking 
performance . 

A tenth invention is a manufacturing method of 
the objective lens driving apparatus of the sixth 
invention comprising steps of dropping an adhesive into 
said second depression formed on said lens holder, and 
fixing firmly said objective lens by pushing a member 
against said second depression, as well as overflowing 
said adhesive to said corner part by extending said 
adhesive along said groove of said lens holder which 
extends from said second depression to said corner part. 

According to this invention, the adhesive can 
be applied to said corner part without adding any new 
process. As a result, the coil restraining part of the 
2 support printed board does not cause undesired resonance 

py and unnecessary disturbance in phase. 

This invention has the effect of realizing the 
inexpensive manufacturing method for manufacturing the 
objective lens driving apparatus with high tracking 
performance. 

"Member"m^€hs an optional member. Typically, 
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it is a len^frotector (FIG. 13). 



The novel features of the invention will be 
hereinafter fully described and particularly pointed out 
in the appended claims, and the configuration and details 



of the invention, together with other objects and features 
thereof, will become better understood and appreciated by 
reference to the following detailed description when 
considered in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a front view, a sectional view taken 
along the A- A line and a sectional view taken along the 
B-B line of a movable section of the objective lens driving 
apparatus of embodiment 1 . 

FIG. 2 is a perspective view in schematic form depicting 
the configuration of the reinforcing rib of the objective 
lens driving apparatus of embodiment 1. 

FIG. 3 is a graph showing frequency 
characteristic of the objective lens driving apparatus of 
embodiment 1 . 

FIG. 4 is a front view and a sectional view taken 
along the A-A line of a movable section of the objective 
lens driving apparatus of embodiment 2 . 

FIG. 5 is a perspective view in schematic form 
depicting the configuration of the reinforcing rib of the 
objective lens driving apparatus of embodiment 2. 

FIG. 6 is a front view and a sectional view taken 
along the A-A line of a movable section of the objective 
lens driving apparatus of embodiment 3 . 

FIG. . 7 is a perspective view in schematic form 



depicting the configuration of the reinforcing rib of the 
objective lens driving apparatus of embodiment 3. 

FIG. 8 is a front view and a sectional view taken 
along the A-A line of a movable section of the objective 
lens driving apparatus of embodiment 4 . 

FIG. 9 is a perspective view in schematic form 
depicting the configuration of the reinforcing rib of the 
objective lens driving apparatus of embodiment 4. 

FIG. 10 is a front view, a bottom view and a 
sectional view taken along the B-B line of a movable 
section of the objective lens driving apparatus of 
embodiment 5 . 

FIG. 11 is a perspective view in schematic form 
depicting the configuration of the reinforcing rib of the 
objective lens driving apparatus of embodiment 5, and a 
view showing a manufacturing method for manufacturing the 
objective lens driving apparatus of embodiment 5. 

FIG. 12 is a front view of a movable section of 
the objective lens driving apparatus of embodiment 6. 

FIG. 13 is a perspective view in schematic form 
depicting the configuration of the reinforcing rib of the 
objective lens driving apparatus of embodiment 6, and a 
view showing a manufacturing method for manufacturing the 
objective lens driving apparatus of embodiment 6. 

FIG. 14 is a view depicting the configuration 
of the conventional objective lens driving apparatus. 
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It is noted that a part or whole of the figures 
are schematically depicted for diagrammatic 
representation and they do not necessarily reflect actual 
relative size and position of components showed therein. 

BEST MODE FOR EMBODYING THE INVENTION 

Embodiments which makes a concrete explanation 
of best mode for embodying the present invention will be 
described hereinafter with the appended figures . However, 
the present invention is not limited to the following 
embodiments unless it exceeds the extent of the spirit. 

<<Embodiment 1>> 

Referring to FIG. 1 to FIG . 3, an objective lens 
driving apparatus of embodiment 1 according to the present 
invention will be explained. 

First, the vibration characteristic of the 
objective lens driving apparatus will be explained. 

FIG. 3 shows the frequency characteristic of 
displacement gain in the tracking direction with respect 
to the objective lens driving apparatus. The peak 
frequency having the highest displacement gain in the 
whole frequency range is referred to as primary resonance 
and the peak frequency in higher frequency range is 
referred to as high order resonance. 

And, undesired resonance appearing in proximity 
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to 10kHz in the drawing is caused by self -resonance of a 
support printed board. 

On the basis of gain crossover frequency fx shown 
in the drawing, low- frequency side indicates servo 
frequency range of the objective lens driving apparatus 
(i.e. the frequency range in which vibration, error and 
so on can be suppressed by controlling the objective lens 
driving apparatus), and high-frequency side indicates 
non-servo frequency range (i.e. high-frequency range in 
which the objective lens driving apparatus gives no 
response ) . 

In the presence of undesired resonance in the 
non-servo frequency range, when coil current exceeding 
minimum track displacement is applied, tracking cannot be 
carried out with tracking accuracy in the objective lens 
driving apparatus, potentially resulting in an off -track 
state . 

However, as servo operation is not performed in 
this frequency range, the displacement is kept 
uncontrolled and off-track state cannot be resolved. 

In equipment using objective lens driving 
apparatus (e.g. , DVD device) , a phase compensating filter 
ensures phase margin of 35 ° to 60 " known as stable for 
servo control in gain crossover frequency range. At that 
time, the presence of phase, disturbance due to undesired 
resonance can interfere with the provision of the phase 
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margin . 

Therefore, undesired resonance in non-servo frequency 
range deteriorates tracking performance of tracking 
control in the optical disk apparatus . Further, it causes 
unnecessary electricity consumption. 

As described above, in order to achieve an 
optical disk apparatus with high tracking performance, it 
is highly important to suppress self - resonance of a 
support printed board. 

For this purpose, in the objective lens driving 
apparatus of embodiment 1, a lens holder 13 has four 
reinforcing ribs 13a so as to suppress self - resonance of 



M 

^ the support printed board. 

jL The remaining structure of the apparatus is the 

Qj same as the corresponding structure of the above-mentioned 

S 

£S conventional objective lens driving apparatus. 

o 

fU FIG. 1 shows a front/View, a sectional view taken 

along the A- A line and ysectional view taken along the 
B-B line of a movable section of the objective lens driving 
/ Xyfjty/ apparatus of emb^nment 1 according to the present 
J invention. FI^. 2 shows a perspective view in schematic 

form depict^ig the configuration of the reinforcing rib 
13a of tfreob jective lens driving apparatus of embodiment 
1 (Th/ reinforcing rib 13a is represented larger than 
li/e. ) 

The movable section means movable parts held by 
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a suspension wires 9 in the objective lens driving 
apparatus, including an objective lens 1, the lens holder 
13, a focusing coil 3, a tracking coil 4, support printed 
boards 5, and the suspension wires 9. 

As parts other than the movable parts are the 
same as the corresponding parts of the above-mentioned 
conventional objective lens driving apparatus, 
description is omitted. 

In the objective lens driving apparatus of 
embodiment 1, parts except for the four reinforcing ribs 
13a of the lens holder and placement of windings of coils 
(the focusing coil 3 and the tracking coil 4) are the same 
as the corresponding parts of the conventional objective 
lens driving apparatus, these parts are identified by the 
same reference numbers. Description thereof is omitted. 

As shown in FIG. 1 an?d FIG. 2, the reinforcing 
rib 13a of the lens holder JT5 closely contacts with the 
support printed board 5 protruding from the side surfaces 
of the lens holder (frpmt surface and back surface) (both 
ends of each of twoylupport printed boards protrude from 
the side surfaces^f the lens holder, respectively (at four 
locations in t^tal) ) , thereby reinforcing the base of the 
support printed board 5. Preferably, the contact 
surface/ Df the support printed board 5 and the reinforcing 
rib/L3a are fixed to each other by adhesive. 

A surface of the reinforcing rib that does not 
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contact with the side surface of the lens holder forms an 
inclined plane with respect to the side surface of the lens 
holder. The reinforcing rib 13a of embodiment 1 is shaped 
like a triangle pole with a right triangular cross section, 
and the contact surface with the printed board is shaped 
like said right triangle. 

Regarding a base side (the same plane surface 
as the side surface of the lens holder) as a bottom line 
of said triangle (one of the lines making a right angle), 
an apex of the triangle (the furthermost position from the 
side surface of the lens holder) is located in the vicinity 
of a coil restraining part of the support printed board 
(located near the front end of the support printed board) . 

Cross section of the reinforcing rib may be 
shaped like a trapezoid in place of a triangle. A 
trapezoidal surface of the reinforcing rib that does not 
contact with the side surface of the lens holder forms an 
inclined plane with respect to the side surface of the lens 
holder . 

At four coil restraining parts, the starting 
ends and the terminating ends of windings of the focusing 
coil 3 and the tracking coil 4 are fixed, respectively. 

Referring to *a sectaonal view taken along the 
A line of FIG. 1 (a sectWal view viewed from right side 
along the A-A line of th*e front view of FIG. 1) and FIG. 
2, arrangement methoor of windings of coils will be 
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explained' hereinafter . 

Winding of the focusing coil 3 is wound a few 
turns along the coil restraining part 5a located in the 
vicinity of the front end of the support printed board for 
restraining (the starting end part of the focusing coil 
3 is formed), and after that, the winding drawn from said 
V, staring end part is located along the inclined plane of 

the reinforcing rib 13a in the shape of a right triangle 
as a guideline. 

g The winding located along the inclined plane is 

*2 led to a focusing coil winding part of the lens holder 13 

^ having reinforcing ribs . After that, the winding is wound 

VI 
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on it to form the focusing coil 3. 

On the completion of winding up, the winding is 
located along the inclined plane of the reinforcing rib 
13a at the side of a coil restraining part 5b as a guideline. 

The winding located along the inclined plane is 
led to the coil restraining part 5b located in the vicinity 
of the front end of the support printed board and is wound 
a few turns along the coil restraining part 5b for 
restraining (the terminating end part of the focusing coil 
3 is formed ) . 

Similarly, the tracking coil 4 is also located 
along the inclined planes of other two reinforcing ribs 
as guidelines and wound on a tracking coil winding part 
of the lens holder 13 having the reinforcing ribs. 
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Referring to a cross Seconal view taken along 
the B-B line of FIG. 1, wi^fig paths 3a and 3b of the 
y jjj /focusing coil 3 betwe^/the coil restraining part 5a of 
'the support print^board 5 and the focusing coil winding 
part of the leafs holder 13 having the reinforcing ribs will 
be descr^oed. 

In the conventional objective lens driving 
apparatus, owing to the absence of reinforcing rib (as 
there is no guideline for coil) , when the winding is wound 

J? by an automated winder, the shortest path 3a of wiring is 

U 

" likely to be selected. 



However, this raises a possibility that the 
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shortest path 3a contacts with the suspension wire 9 (the 

5 shortest path 3a interferes with the suspension wire 9). 

P 

Assembly process of the objective lens driving apparatus 

Q 

ffi includes the inserting process of the suspension wire 9 

o 

fU following the above-mentioned winding process. 

Therefore, when the suspension wire contacts with the 
focusing coil, there is possibility of a failure to insert 
the wire . 

On the contrary, in the objective lens driving 
apparatus of embodiment 1, the wiring path of the focusing 
coil 3 is guided by the reinforcing ribs so as to be fixed 
at the path 3b. 

On the wiring path 3b, the winding does not 
contact with the suspension wire 9. Accordingly, the 



above-mentioned problem does not occur during assembly 
process, thereby facilitating assembly of the objective 
lens driving apparatus and improving quality of product 
in a factory. 

Next, the results of the present embodiment will 
be described. By using the lens holder with reinforcing 
ribs in the shape of right triangle, undesired resonance 
of 6dB (12kHz) disappears and high order resonance margin 
(difference between displacement gain of 1kHz and peak of 
high order resonance) is improved from 40dB to 45dB. 

This promotes the tracking performance of the 
objective lens driving apparatus for the optical data 
recording medium. 

Further, it enables a stable arrangement of the 
starting ends and the terminating ends of coils by 
automated winder (arrangement for restraining the 
starting end and the terminating end of winding of the coil 
at the support printed board) , as well as insertion of the 
suspension wire. 

<<Embodiment 2>> 

Referring to FIG. 4 and FIG. 5, an objective lens 
driving apparatus of embodiment 2 according to the present 
invention will be explained. 

In order to suppress self - resonance of a support 
printed board, the objective lens driving apparatus of 



embodiment 2 comprises a lens holder 14 having four 
reinforcing ribs and a support printed board 15 with a 
plurality of notches. The reinforcing rib 14a is 
different from that of embodiment 1 in shape. 

The remaining structure of the apparatus is the 
same as the corresponding structure of the above-mentioned 
conventional objective lens driving apparatus. 

FIG. 4 shows a fron/view, a sectional view taken 
along the A- A line of a movable section of the objective 
lens driving apparatu^r of embodiment 2. FIG. 5 shows a 
perspective view idT schematic form depicting the 
configuration of the reinforcing rib 14a of the objective 
lens driving apparatus of embodiment 2 (The reinforcing 
rib is represented larger than life.). 

The movable section means movable parts held by- 
suspension wires 9 in the objective lens driving apparatus , 
including the objective lens 1, the lens holder 14, the 

focusing coil 3, the tracking coil 4, the support printed 

boards 15, and the suspension wires 9. 

As parts other than the movable parts are the 

same as the corresponding parts of the above-mentioned 

conventional objective lens driving apparatus, 

description is omitted. 

In the objective lens driving apparatus of 

embodiment 2, parts except for four reinforcing ribs 14a 

of the lens holder, plural notches of the support printed 



board 15 and placement of windings of coils (the focusing 
coil 3 and the tracking coil 4) are the same as the 
corresponding parts of the conventional objective lens 
driving apparatus, these parts are identified by the same 
reference numbers. Description thereof is omitted. 

As shown in FIG. 4 and FIg/s, the reinforcing 
rib 14a of the lens holder 14 with/reinf orcing ribs closely 
contacts with the support prated board 15 protruding from 
the side surfaces of th^lens holder (front surface and 
back surface) (both/ends of each of two support printed 
boards protrude^rom the side surfaces of the lens holder, 
respectively^ at four locations in total)), thereby 
reinforcing the base of the support printed board 15. 

S At four coil restraining parts, the starting 
ends and the terminating ends of windings of the focusing 
coil 3 and the tracking coil 4 are fixed. 

In embodiment 2, the contact surfaces of the 
support printed board 15 and the reinforcing rib 14a may 
be fixed to each other by adhesive or may not be fixed. 

At the coil restraining part, winding of a coil 
is wound a few turns around the reinforcing rib 14a and 
the support printed board 15 with notches so as to tie the 
reinforcing rib 14a and the support printed board 15 with 
notches in bundle. In this way, the reinforcing rib 14a 
and the support printed board 15 with notches are firmly 
fixed to each other by winding of the coil. 
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With this configuration, resonance of the 
support printed board with notches 15 can be suppressed 
by the reinforcing rib 14a. 

The reinforcing rib 14a is formed so as to have 
the same height as the support printed board 15 and the 
same width as or narrower width than the notched portion 
of the support printed board 15 . The support printed board 
15 with notches comprises a plurality of notches 15b and 
15c (the notch may be single) in addition to the coil 
restraining parts 15a and 15d. 

Referring to a sect^fnal view taken along the 
A-A line of FIG. 4 (a sectorial view viewed from right side 
along the A- A lineXof the front view of FIG. 4) and FIG. 
5, arrangement method of windings of coils will be 
explainer hereinafter . 

At the coil restraining part 15a in the vicinity 
of the front end of the support printed board, winding of 
the focusing coil 3 is wound a few turns around the 
reinforcing rib 14a and the support printed board 15 with 
notches so as to tie the reinforcing rib 14a and the support 
printed board 15 with notches in bundle for restraining 
(the starting end part of the focusing coil 3 is formed), 
and after that, the winding drawn from said staring end 
part is led to the focusing coil winding part of the lens 
holder 14 having reinforcing ribs through the notch 15b 
of the support printed board with notches (being guided 



by the notch 15b). After that, the winding is wound on 
it to form the focusing coil 3. 

On the completion of winding work, the winding is led to 
the coil restraining part 15d through the notch 15c of the 
support printed board with notches (being guided by the 
notch 15c ) . 

At the coil restraining part 15d, winding of the 
focusing coil 3 is wound a few turns around the reinforcing 
rib and the support printed board 15 with notches so as 
to tie the reinforcing rib and the support printed board 
15 with notches in bundle for restraining (the terminating 
end part of the focusing coil 3 is formed) . 

Similarly, winding of the tracking coil 4 is also 
wound a few turns around the reinforcing rib and the 
support printed board 15 with notches for restraining, and 
after that, the restrained winding is led to the tracking 
coil winding part of the lens holder 14 with reinforcing 
ribs using the notches 15b and 15c of the support printed 
board with notches as guides .. The winding is wound on said 
tracking coil winding part . 

In the objective l^fis driving apparatus of 
embodiment 2, a wiring ua^h of the focusing coil 3 is guided 
by the notches island 15c of the support printed board 
with notches/^o as to be fixed at the path 3b (a sectional 
view t^en along B-B line of FIG. 1). 

On the wiring path 3b, the winding does not 



contact with the suspension wire 9. Accordingly, no 
problem occurs during assembly process, thereby 
facilitating assembly of the objective lens driving 
apparatus and improving quality of product in a factory. 

According to this embodiment, undesired 
resonance of 6dB (12kHz) disappears and high order 
resonance margin (difference between displacement gain of 
1kHz and peak of high order resonance) is improved from 
40dB to 45dB. 

This promotes tracking performance of the 
objective lens driving apparatus for the optical data 
recording medium. 

Further, it enables a stable arrangement of the 
starting ends and the terminating ends of windings of the 
coils by automated winder (arrangement for restraining the 
starting ends and the terminating ends of windings of the 
coils at the support printed board), as well as insertion 
of the suspension wire. 

<<Embodiment 3>> 

Referring to FIG. 6 and FIG. 7, an objective lens 
driving apparatus of embodiment 3 according to the present 
invention will be explained. 

In order to suppress self -resonance of a support 
printed board, the objective lens driving apparatus of 
embodiment 3 comprises a lens holder 16 having four 
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reinforcing ribs. The reinforcing rib 16a is different 
from that of embodiment 1 or embodiment 2 in shape. 

The remaining structure of the apparatus is the 
same as the corresponding structure of the above-mentioned 
conventional objective lens driving apparatus. 

FIG. 6 shows a frontj^ew, a sectional view taken 
V-along the A- A line of a nyfable section of the objective 
I lens driving apparat^ of embodiment 3. FIG. 7 shows a 
perspective view Jfh schematic form depicting the 
~ configuration^f the reinforcing rib 16a of the objective 

lens driving apparatus of embodiment 3. (The reinforcing 
rib is^xepresented larger than life.) 

The movable section means movable parts held by 
the suspension wires 9 in the objective lens driving 
l:f apparatus, including the objective lens 1, the lens holder 

Q 

W 16, the focusing coil 3, the tracking coil 4, the support 

fU printed boards 5, and the suspension wires 9. 

As parts other than the movable parts are the 
same as the corresponding parts of the above-mentioned 
conventional objective lens driving apparatus, 
description is omitted. 

In the objective lens driving apparatus of 
embodiment 3, parts except for the four reinforcing ribs 
16a of the lens holder and placement of windings of coils 
(the focusing coil 3 and the tracking coil 4) are the same 
as the corresponding parts of the conventional objective 
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lens driving apparatus, these parts are identified by the 
same reference numbers. Description thereof is omitted. 

As shown in FIG. 6 and FIG/f, the reinforcing 
ib 16a of the lens holder 16 closely contacts with the 
r support printed board 5 protruding from the side surfaces 

y of the lens holder (fro^f surface and back surface) (both 

ends of each of tWiupport printed boards protrude from 
the side surfa^s of the lens holder, respectively (at four 
location^fn total) ) , thereby reinforcing the base of the 
support printed board. 

At four coil restraining parts, each of the 
starting ends and the terminating ends of windings of the 
focusing coil 3 and the tracking coil 4 are fixed, 
respectively . 

In embodiment 3, the contact surfaces of the 

Q 

S3 support printed board and the reinforcing rib may be fixed 

S 

at to each other by adhesive or may not be fixed. 

At the coil restraining part, winding of a coil 
is wound a few turns around the reinforcing rib 16a and 
the support printed board 5 so as to tie the reinforcing 
rib 16a and the support printed board 5 in bundle. In this 
way, the reinforcing rib 16a and the support printed board 
5 are firmly fixed to each other by winding of the coil. 

With this configuration, resonance of the 
support printed board can be suppressed by the reinforcing 
rib. 
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The reinforcing rib 16a is formed so as to have 
the same height as the support printed board 5 and the same 
width as or narrower width than the notched portion of the 
support printed board. 

Referring to a sect io^ffview taken . along the 
QyK-A line of FIG. 6 (a secti^rfalview viewed from right side 
along the A- A line^tthe front view of FIG. 6) and FIG. 
7, arrangeme^Tmethod of windings of coils will be 
explain^ hereinafter . 

At the coil restraining part 5a in the vicinity 
of the front end of the support printed board, winding of 
the focusing coil 3 is wound a few turns around the 
reinforcing rib 16a and the support printed board 5 so as 
to tie the reinforcing rib 16a and the support printed 
board 5 in bundle for restraining (the starting end part 
of the focusing coil 3 is formed), and after that, the 
winding drawn from said staring end part is located along 
an inclined plane (a plane which is not parallel to a side 
surface of the lens holder) of upper part of a stepped 
portion formed on the reinforcing rib 16a (being guided 
by the inclined plane) and then is led to the focusing coil 
winding part of the lens holder 16. After that, the 
winding is wound on it to form the focusing coil 3. 

On the completion of the winding work, the 
winding is located along an inclined plane of upper part 
of a stepped portion formed on the reinforcing rib 16a 
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(being guided by the inclined plane) and then is led to 
the coil restraining part 15b in the vicinity of the front 
end of the support printed board. 

At the coil restraining part 5b, winding of the 
focusing coil 3 is wound a few turns around the reinforcing 
rib 16a and the support printed board 5 so as to tie the 
reinforcing rib 16a and the support printed board 5 in 
bundle for restraining (the terminating end part of the 
focusing coil 3 is formed) . 

Similarly, winding of the tracking coil 4 is also 
wound a few turns around the reinforcing rib 16a and the 
support printed board 5 for restraining by using a grooved 
portion of the reinforcing rib 16a as a guide, and then 
is led to the tracking coil winding part of the lens holder 
- y for winding. 

s 

85 In the objective lens driving apparatus of 

O 

fU embodiment 3 , a wiring path of the focusing coil 3 is guided 

by the inclined plane of the upper part of the stepped 
portion formed on the reinforcing rib so as to be fixed 
at the path 3b (a sectional view taken along the B-B line 
of FIG. 1) . 

On the wiring path 3b, the winding does not 
contact with the suspension wire 9. Accordingly, no 
problem occurs during assembly process, thereby 
facilitating assembly of the objective lens driving 
apparatus and improving quality of product in a factory. 



Si 



According to this embodiment, undesired 
resonance of 6dB (12kHz) disappears and high order 
resonance margin (difference between displacement gain of 
1kHz and peak of high order resonance) is improved from 
40dB to 45dB. 

This promotes tracking performance of the 
objective lens driving apparatus for the optical data 
recording medium. 

Further, it enables a stable arrangement of the 
starting ends and the terminating ends of windings of the 
coils by automated winder ( arrangement for restraining the 
starting ends and the terminating ends of windings of the 
coils at the support printed board), as well as insertion 
of the suspension wire. 

<<Embodiment 4>> 

Referring to FIG. 8 and FIG. 9, an objective lens 
driving apparatus of embodiment 4 according to the present 
invention will be explained. 

In order to suppress self - resonance of a support 
printed board, the objective lens driving apparatus of 
embodiment 4 comprises a lens holder 17 having four 
reinforcing ribs. The reinforcing rib 17a is different 
from that of embodiment 1 , embodiment 2 or embodiment 3 
in shape . 

The remaining structure of the apparatus is the 
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same as the corresponding structure of the above-mentioned 
conventional objective lens driving apparatus. 

FIG. 8 shows a front view, a sectional view taken 
along the A- A line of a movable section of the objective 
lens driving apparatus of embodiment 4. FIG. 9 shows a 
perspective view in schematic form depicting the 
configuration of the reinforcing rib 17a of the objective 
lens driving apparatus of embodiment 4 (The reinforcing 
rib is represented larger than life.). 

The movable section means movable parts held by 
the suspension wires 9 in the objective lens driving 
apparatus, including the objective lens 1. the lens holder 
17, the focusing coil 3, the tracking coil 4, the support 
printed boards 5, and the suspension wires 9. 

As parts other than the movable parts are the 

\M same as the corresponding parts of the above-mentioned 

O 

FU conventional objective lens driving apparatus, 

description is omitted. 

In the objective lens driving apparatus of 
embodiment 4, parts except for the four reinforcing ribs 
17a of the lens holder and placement of windings of coils 
(the focusing coil 3 and the tracking coil 4) are the same 
as the corresponding parts of the conventional objective 
lens driving apparatus, these parts are identified by the 
same reference numbers. Description thereof is omitted. 

As shown in FIG. 8 a/d FIG. 9, the reinforcing 



M 



ru 



f rib 17a of the lens holder 17 closel^tontacts with the 
support printed board 5 pro trudip^f rom the side surfaces 
of the lens holder (front surface and back surface) (both 
ends of each of two suo^ort printed boards protrude from 
the side surfaces otf^the lens holder, respectively (at four 
locations in^otal)), thereby reinforcing the base of the 
support^frinted board. 

At four coil restraining parts, the starting 
ends and the terminating ends of windings of the focusing 
coil 3 and the tracking coil 4 are fixed. 

In embodiment 4, the contact surfaces of the 
support printed board and the reinforcing rib may be fixed 
to each other by adhesive or may not be fixed. 

At the coil restraining part, winding of a coil 
is wound a few turns around the reinforcing rib 17a and 
the support printed board 5 so as to tie the reinforcing 
rib and the support printed board 5 in bundle. In this 
way, the reinforcing rib 17a and the support printed board 
5 are firmly fixed to each other by the winding of the coil. 

With this configuration, resonance of the 
support printed board 5 can be suppressed by the 
reinforcing rib. 

The reinforcing rib 17a is formed so as to have 
the same height as the support printed board 5 and the same 
width as or narrower width than the notched portion of the 
support printed board. 
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Referring to a sectioj^a^ view taken along the 
. line of FIG. 8 ( a sectiop^T view viewed from right side 

/along the A-A line o£x€he front view of FIG. 8) and FIG. 
9, arrangement^thod of windings of coils will be 
explaine^/lfereinafter . 

At the coil restraining part 5a in the vicinity 
of the front end of the support printed board, winding of 
the focusing coil 3 is wound a few turns around the 
reinforcing rib 17a and the support printed board 5 so as 
to tie the reinforcing rib 17a and the support printed 
board 5 in bundle for restraining (the starting end part 
of the focusing coil 3 is formed), and then, the winding 
drawn from said staring end part is led to the focusing 
^ coil winding part of the lens holder 17 through a grooved 

Qj . portion formed on the reinforcing rib 17a. After that, 

J? 

Kj the winding is wound on it to form the focusing coil 3. 

fU On the completion of the winding work, the 

winding is led to the coil restraining part 5b in the 
vicinity of the front end of the support printed board 
through the grooved portion formed on the reinforcing rib 
17a (being guided by the grooved portion). 

At the coil restraining part 5b, winding of the 
focusing coil 3 is wound a few turns around the reinforcing 
rib 17a and the support printed board 5 so as to tie the 
reinforcing rib 17a and the support printed board 5 in 
bundle for restraining (the terminating end part of the 
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focusing coil 3 is formed) . 

Similarly, winding of the tracking coil 4 is also 
wound a few turns around the reinforcing rib 17a and the 
support printed board 5 for restraining, being guided by 
the grooved portion of the reinforcing rib 17a as a guide, 
and then is wound on the tracking coil winding part of the 
lens holder 17 with reinforcing ribs. 

In the objective lensJfilving apparatus of 
t 4, a wiring pat^dT the focusing coil 3 is guided 
by the groove of tlje^xeinf orcing rib so as to be fixed at 
the path 3 t^>a - sect ional view taken along the B-B line of 
F I G . ^ 

On the wiring path 3b, the winding does not 
contact with the suspension wire 9. Accordingly, no 
problem occurs during assembly process, thereby 
facilitating assembly of the objective lens driving 
apparatus and improving quality of product in a factory. 

According to this embodiment, undesired 
resonance of 6dB (12kHz) disappears and high order 
resonance margin (difference between displacement gain of 
1kHz and peak of high order resonance) is improved from 
40dB to 45dB. 

This promotes tracking performance of the 
objective lens driving apparatus for the optical data 
recording medium. 

Further, it enables a stable arrangement of the 
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starting ends and the terminating ends of windings of the 
coils by automated winder (arrangement for restraining the 
starting ends and the terminating ends of windings of the 
coils at the support printed board) , as well as insertion 
of the suspension wire. 

<<Embodiment 5>> 

Referring to FIG. 10 and FIG. 11, an objective 
lens driving apparatus of embodiment 5 according to the 
present invention will be explained. 

In the objective lens driving apparatus of 
embodiment 5, an adhesive is applied to the corner part 
formed by the part of the support printed board 5 which 
protrudes from said lens holder and the side surface of 
the lens holder 18 in order to suppress self - res onance of 
the support printed board. 

Further, the lens holder 18 has a pasted part with said 
support printed board 5. 

The above-mentioned pasted part has a first 
depression as an adhesive reservoir and a groove which 
extends from the above-mentioned first depression to a 
base of the above-mentioned support printed board. 

The remaining structure of the apparatus is the 
same as the corresponding structure of the above-mentioned 
conventional objective lens driving apparatus. 

FIG. 10 shows a fitont view, a right side view 




(showing the appearance of the apparatus f^fn which the 
support printed board 5 is removed), an^sectional view 
Jtaken along the B-B line of a movable section of the 
objective lens driving apparatus of embodiment 5. FIG. 
11(a) shows a perspective vi^eV in schematic form depicting 
the configuration of th^reinforcing rib of the objective 
lens driving appar^us of embodiment 5 (The reinforcing 
rib is represented larger than life. ) , and FIGs. 11(b) and 
(c) show the manufacturing method of the objective lens 
driving/apparatus according to this invention. 

The movable section means movable parts held by 
the suspension wires 9 in the objective lens driving 
apparatus, including the objective lens 1, the lens holder 
18, the focusing coil 3, the tracking coil 4, the support 
printed boards 5, and the suspension wires 9. 

As parts other than the movable parts are the 
same as the corresponding parts of the above-mentioned 
conventional objective lens driving apparatus, 
description is omitted. 

As shown in the right side view of FIG. 10 and 
FIG. 11, the lens holder 18 comprises a first depression 
18a and a groove 18b on the bottom (an applied area of 
adhesive for bonding of the support printed board 5 with 
the lens holder 18). Both of the bonded parts (two 
locations) of two support printed boards are same in 
configuration. 
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In FIG. 11(b), the adhesive 19a is mounted on 
the first depression 18a enough to bulge and immediately 
afterward, the support printed board 5 is pushed onto it 
in the direction shown by an arrow 20. 

By pushing off the support printed board 5, the 
adhesive 19a extends along the groove. 

As a result, as shown in FIG. 11(c) , the support 

printed board 5 is stuck and fixed to the bottom surface 

( 

of the lens holder, 
g Further, the adhesive extending along the groove 

5 overflows into the corner part defined by the part of the 

JS support printed board 5 which protrudes from said lens 

H 5 

holder and the side surfaces (front surface and back 
^ surface) of said lens holder 18 (the end part of the groove 

leads up to the corner part). 
03 The overflowed adhesive 19b becomes hardened at 

a 

ry the corner part, thereby reinforcing the base of the 

support printed board and suppressing self -resonance of 
the support printed board 5. 

According to this embodiment, undesired 
resonance of 6dB (12kHz) disappears and high order 
resonance margin (difference between displacement gain of 
1kHz and peak of high order resonance) is improved from 
40dB to 45dB. 

This promotes tracking performance of the 
objective lens driving apparatus for the optical data 
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recording medium. 

Further, the manufacturing method enables 
reinforcement of the base of the support printed board 
without adding any new process. 

<<Embodiment 6>> 

Referring to FIG. 12 and FIG. 13, an objective 
lens driving apparatus of embodiment 6 according to the 
present invention will be explained. 

In the objective lens driving apparatus of 
embodiment 6, an adhesive is applied to the corner part 
formed by the part of the support printed board 5 which 
protrudes from said lens holder and the side surface (front 
surface) of a lens holder 21 in order to suppress 
self -resonance of the support printed board. 

A lens 1 is fitted to the lens holder 21. On 
the front surface, a second depression 21a and a groove 
21b which extends from the second depression 21a to the 
lens 1 and said corner part , respectively , are formed . ( FIG . 
12) . 

The remaining structure of the apparatus is the 
same as the corresponding structure of the above-mentioned 
conventional objective lens driving apparatus. 

FIG. 12 shows a front view of a movable section 
of the objective lens driving apparatus of embodiment 6. 
FIG. 13(a) shows a perspective view in schematic form 



depicting the configuration of the reinforcing rib of the 
objective lens driving apparatus of embodiment 6 (The 
reinforcing rib is represented larger than life.), and 
FIGs. 13(b) and (c) show the manufacturing method of the 
objective lens driving apparatus according to the present 
invention . 

The movable section means movable parts held by 
the suspension wires 9 in the objective lens driving 
apparatus, including the objective lens 1, the lens holder 
21, the focusing coil 3, the tracking coil 4, the support 
printed boards 5, the suspension wires 9, and a lens 
protector 23 (The lens protector 23 is shown in FIG. 13). 

As parts other than the movable parts are the 
same as the corresponding parts of the above-mentioned 
conventional objective lens driving apparatus, 
description is omitted. 

In FIG. 13(b), adhesive 22a is mounted on the 
second depression 21a enough to bulge and immediately 
afterward, the lens protector 23 is pushed onto it in the 
direction shown by an arrow 24. 

By pushing off the lens protector 23, the 
adhesive 22a extends along the groove. 

As a result, as shown in FIG. 13(c), the lens 
protector 23 is stuck and fixed to the front surface of 
the lens holder. 

The adhesive which extends along the groove 21b 



reaches the circumference of the objective lens 1 so as 
to fix the objective lens to the lens holder. 

Further, the adhesive which extends along the 
groove 21b overflows into the corner part formed by the 
part of the support printed board 5 which protrudes from 
said lens holder and the side surfaces of said lens holder 
21 (The end part of the groove leads up to the corner part) . 

The overflowed adhesive 22b becomes hardened at 
the corner part , thereby reinforcing the base of the 
support printed board and suppressing self -resonance of 
the support printed board 5. 

Moreover, in embodiment 6, only the base of the 
support printed board protruding from the front surface 
of the lens holder is reinforced. Therefore, with respect 
to the reinforcement of the base of the support printed 
board protruding from the back surface of the lens holder, 
it is desirable to adopt the method in embodiment 5 and 
so on . 

According to this embodiment, undesired 
resonance of 6dB (12kHz) disappears and high order 
resonance margin (difference between displacement gain of 
1kHz and peak of high order resonance) .is improved from 
40dB to 45dB. 

This promotes tracking performance of the 
objective lens driving apparatus for the optical data 
recording medium. 



The lens protector 23 is made of soft molding 
material such as DURACON (registered trademark) and 
tubular part thereof protrudes further forward than the 
front surface of the lens. 

In the case where an optical pickup operates 
irregularly, the soft lens protector 23 hits against the 
recording medium, but the objective lens 1 which is located 
at the position recessed from the front surface of the lens 
protector does not hit against the recording medium. 

The lens protector 23 protects the recording 
medium and the objective lens 1 from possible breakage in 
the above-mentioned way. Therefore, the lens protector 
23 is useful in itself and it is not a new added component 
for the purpose of reinforcing the support printed board 

5 in the present invention. 

The object lens driving apparatus of embodiment 

6 has the effect of achieving the object lens driving 
apparatus with high tracking performance without adding 
any new component . 

Further, by the above-mentioned manufacturing 
method, the base of the support printed board 5 protruding 
forward can be reinforced without adding any new process. 

According to this invention, the coil 
restraining part of the support printed board does not 
cause undesired resonance and unnecessary disturbance in 
phase, and it is therefore possible to obtain the 



advantageous effect of achieving the inexpensive and 
easily manuf ac turable objective lens driving apparatus 
with high tracking performance. 

Furthermore, according to this invention, it is 
possible to obtain the advantageous effect of achieving 
the objective lens driving apparatus in which the starting 
end and the terminating end of winding of the coil wounded 
by an automated winder are easy to be restrained. 

According to this invention, it is possible to 
obtain the advantageous effect of achieving the 
inexpensive manufacturing method of the objective lens 
driving apparatus with high tracking performance without 
adding any new manufacturing process. 

While preferred embodiments have been described 
of the invention with a certain degree of particularity, 
it is understood that the present disclosure of the. 
preferred embodiments have been changed in the details of 
construction and the varied combination and arrangement 
of parts may be achieved without departing from the scope 
and the spirit of the claimed invention. 

INDUSTRIAL APPLICABILITY 

The objective lens driving apparatus and 
manufacturing method thereof of the present invention are 
applicable as the objective lens driving apparatus and its 
manufacturing method for performing focusing and tracking 
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with respect to optical data recording medium (for example, 
DVD disc) . 
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